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᭎ⷰࠍ Fig. 2ߦ␜ߔ㧚߹ߚ㧘ታᯏߣ㘑⹜ᮨဳߩኸᴺࠍ Table 2ߦ␜ߔ㧚 
 
Fig.1. Tentative plan of the fight profile of a small-scale supersonic experimental vehicle㧚 
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Table 1. Design concept of the M2006 configuration. 
㗄⋡ ⸳⸘ౝኈ ⋡⊛࡮ലᨐ 
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Fig. 2. Overview of the M2006 configuration. 
 
Table 2. Dimensions of the M2006 configuration. 
 Wind tunnel test model Real configuration 
Scale 1/5.7 1/1 
Length [m] 0.55 3.12 
Wing Span [m] 0.28 1.61 
Wing Area [m2] 0.03 0.96 
MAC [m] 0.14 0.80 
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Table 3. Dimensions of the all-moving horizontal tail. 
Area [m2] 0.26 
Moment arm [m] 1.20 
Volumetric coefficient 0.40 
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delta = -10[deg.] 
delta =   -5[deg.] 
delta =    0 [deg.] 
delta =    5 [deg.] 
delta =   10[deg.] 
M2006  Mach0.3, CM(MAC30%)
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delta = -10[deg.] 
delta =   -5[deg.] 
delta =    0 [deg.] 
delta =    5 [deg.] 
delta =   10[deg.] 
M2006  Mach0.7, CM(MAC30%)
 
Fig. 5. Pitching moment coefficient vs. angle of attack at Mach 0.7. 
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㔌㒽ㅦᐲࠍࡑ࠶ࡂᢙ 0.3߅ࠃ߮ 0.5ߣ઒ቯߒߚ႐วߩ㔌㒽ᤨߩ឴ജࠍ Fig. 8ߦ␜ߔ㧚ᮮゲߪㄫⷺ
Į[deg.]㧘❑ゲߪ឴ജ L[kgf]ߢ޽ࠆ㧚M2006ᯏ૕ߩో஻㊀㊂ߪ 155 kgfߣផ▚ߐࠇߡ߅ࠅ㧘ߎࠇࠍ࿑
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 Elevator angle[deg.]   
ǩ= -4[deg.]
 ǩ= -2[deg.]
 ǩ=  0[deg.]
 ǩ=  2[deg.]
 ǩ=  4[deg.]
M2006  CL , M = 0.3
 
















 Elevator angle[deg.]   
 ǩ= -4[deg.]
 ǩ= -2[deg.]
 ǩ=  0[deg.]
 ǩ=  2[deg.]
 ǩ=  4[deg.]
M2006  CL , M = 0.7
 




















   
 M = 0.3
 M = 0.5
 M = 0.3 (d = -10[deg.])
 M = 0.3 (d =   -5[deg.])
 M = 0.5 (d =   -5[deg.])
Weight = 155 [kgf]
 
Fig. 8. Predicted lift of the experimental vehicle of the M2006 configuration. 
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-10 -5 0 5 10
0.3 -10㨪10 -2㨪2 ٤ ٤ ٤ ٤ ٤ ٤ - ٤ - ٤ 1.5 - ㆫ㖸ㅦ㘑ᵢ
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1.5 -4㨪4 -2㨪2 - ٤ ٤ ٤ - - - - - ٤ 1.5 3.9 ⿥㖸ㅦ㘑ᵢ
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Fig. 2.1.  The M2007 configuration 
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 ㊄ዻ᭴ㅧߩ⸃ᨆߦ߅޿ߡߪ CATIA਄ߢ૞ᚑߒߚ᭴ㅧࡕ࠺࡞ߦߟ޿ߡ㧘FEM⸃ᨆߦࠃߞߡ Von 
Mises stressࠍ᳞߼㧘᭴ㅧ᧚ᢱߩ⠴ജߣᲧセ࡮⹏ଔߔࠆ㧚 
Von Mises stressߪ㧘ਥᔕജߩᑼࠍਃᰴరߦዷ㐿ߒ⋧ᒰᔕജ㧔equivalent stress㧕ߣߒߡᰴᑼߩࠃ߁
ߦቯ⟵ߐࠇࠆࠬࠞ࡜࡯㊂ߢ޽ࠅ㧘ᑧᕈ᧚ᢱߩ㒠ફ߿⎕უߣ㑐ㅪઃߌࠄࠇࠆ㧚 
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Fig. 2.3. Designed composite structure(CFRP) of the 
main wing for the M2007 configuration, where the 
upper skin is omitted.
Fig. 2.2.  Designed metal structure(2024-T4) of the 
main wing for the M2007 configuration, where the 
upper skin is omitted. 
Fig. 2.3.  Stress elements for defining 
the Von Mises stress 









  ZD                                    (2.1)  
mS
yy                                             (2.2)      















      
        (a) Schematics of the specimen.                    (b) Overview of the constructed specimen. 
Fig. 3.2 Trial construction of a structure specimen for the horizontal tail of the M2006 configuration. 
 
Fig.3.3. Alignment of the strain gauges. 
Fig. 3.1.  The M2006 configuration 
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 Fig. 3.1ߦ㊄ዻ᭴ㅧߦ߅ߌࠆᔕജ⸃ᨆ⚿ᨐࠍ␜ߔ㧚Von Mises stressߩᦨᄢ୯ߪਛᄩᩴ߅ࠃ߮ᦨ
ᓟᣇᩴਛᄩㇱઃㄭߦ⊒↢ߒߡ߅ࠅ㧘ᗐቯߒߡ޿ࠆ᭴ㅧ᧚ᢱ A2024́T4 ߩ 0.2%⠴ജ 235MPa ߦᲧ
ߴߡචಽዊߐ޿㧚  





       













Fig. 4.1. Predicted Von Mises stress distribution for the 
designed metal structure(2024-T4),where the upper 
skin is omitted. 
Fig. 4.2. Predicted strain distribution for the designed 
composite structure(CFRP), where the upper skin is 
omitted
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 ⸃ᨆࠍⴕߞߚᯏ૕ M2006 ဳߩ᭎ⷰࠍ࿑ 1 ߦ㧘ᯏ૕ਃ㕙࿑ࠍ࿑ 2 ߦ㧘ᯏ૕⻉రࠍ⴫ 1 ߦ㧘㊀㊂
ផ▚୯ࠍ⴫ 2ߦ␜ߔ㧚 







   
࿑ 1 M2006ဳߩ᭎ⷰ               ࿑ 2 ᯏ૕ਃ㕙࿑ 
 
⴫ 1㧚ᯏ૕⻉ర               ⴫ 2㧚㊀㊂ផ▚୯ 
 






ో㐳 3 [m] 
ో᏷ 1.609 [m] 
⠢㕙Ⓧ 0.995 [m2]
ࠕࠬࡍࠢ࠻Ყ 2.71 [m] 
⢵૕ᓘ 0.18 [m] 
ࡁ࡯࠭ࠦ࡯ࡦඨᓘ 0.03 [m] 

ᯏ૕㊀㊂ 42.8 [kg] 
ࠛࡦࠫࡦ㧔৻ၮ㧕 80.0 [kg] 
ࠕࡧࠖࠝ࠾ࠢࠬ♽㊀㊂ 8.1 [kg] 
Άᢱ㊀㊂ 24.6 [kg] 
ᯏ૕✚㊀㊂ 155.5 [kg] 
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 ⚻〝⚿ᨐߩ⚿ᨐ㧘ࠕࡈ࠲࡯ࡃ࡯࠽࡯㧔ΆⓨᲧ 0.03㧕ࠍ૶↪ߒߡ㜞ᐲ 11[km]ࠍ㘧ⴕߒߚ႐ว㧘⋡
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࿑ 6㧚㘧ⴕࡑ࠶ࡂᢙផ⒖            ࿑ 7㧚㘧ⴕ㜞ᐲផ⒖ 
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ߦᐥ㕙਄ߦ xゲߣ yゲࠍ⸳ቯߔࠆ㧚xゲ਄ 1l [m]ߩὐߦࠞࡔ࡜ 2ࠍ㧘yゲ਄ 2l [m]ߩὐߦࠞࡔ࡜ 1ࠍ
⸳⟎ߔࠆ㧚 1l = 2l =15[m]ߣߒߡ޿ࠆ㧚߹ߚ㧘2บߩࠞࡔ࡜ߩᤋ௝ߩᤨೞวࠊߖߩߚ߼㧘᠟ᓇߩᦨೋ
ߦ࡜ࠗ࠻ࠍὐἮ࡮ᶖἮߒ㧘ᤋ௝਄ߢ࡜ࠗ࠻߇ᶖἮߒߚ⍍㑆ࠍၮḰᤨೞߣߔࠆ㧚 
ᧄ⎇ⓥߢ૶↪ߔࠆዊဳࡄ࡜ࡈࠜࠗ࡞࡜ࠫࠦࡦᯏߩ᭎ⷰ㧘⻉ర㧘߅ࠃ߮ฦㇱฬ⒓ࠍ Fig.1ߦ␜ߔ㧚
ߎࠇࠍ㧘૕⢒㙚ߩࠠࡖ࠶࠻࠙ࠜ࡯ࠢ㧔㜞ᐲ 6.5[m]㧕߆ࠄᚻᛩߍߦࠃࠅṖⓨߐߖࠆ㧚  
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ฦὐߩ↹௝਄ߢߩ૏⟎ࠍ⸥㍳ߔࠆ㧚ߎߩ૏⟎࠺࡯࠲ߪ㧘Fig.3 ߦ␜ߐࠇߚⷺᐲ Į㧘ȕ㧘Ȗ㧘į ߦኻᔕ
ߔࠆ㧚ߎࠇࠄߩⷺᐲ࠺࡯࠲ߣ਄ㅀߩ 1l 㧘 2l ߩ 6ߟߩ⸘᷹୯ࠍ↪޿ߡ㧘ᰴᑼߦࠃߞߡ㧘ฦὐߩⓨ㑆
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(a) Video image of Camera 1. 
 
 
(b) Video image of Camera 2. 
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Fig.4 Flight trajectories of steady-state gliding at several values of angle of attack. 
 




















+16[mm] 3.44 1.87 28.9 1.84 
 +8[mm] 3.95 1.70 23.3 2.32 
  0[mm] 3.32 1.19 19.7 2.79 
 -8[mm] 3.49 1.21 19.1 2.88 







Ꮐฝ┵ߩࠨࠬࡍࡦ࡚ࠪࡦ࡜ࠗࡦ߅ࠃ߮ࠦࡦ࠻ࡠ࡯࡞࡜ࠗࡦߩ⸘ 4 ᧄࠍ 10㨇mm㨉ߥ޿ߒߪ 20
㨇mm㨉⍴❗ߔࠆߎߣߦࠃߞߡ㧘ࠠࡖࡁࡇ࡯ߩ౞ᒐᒻ⁁ߩᦛ₸ࠍᄢ߈ߊߔࠆ㧚ㄫⷺࠍᄌ߃ߕࠠࡖ
ࡁࡇ࡯ᒻ⁁ߩߺᄌ߃ߚ႐วߩ㧘ࠦ ࡦ࠻ࡠ࡯࡞࡜ࠗࡦᒁ߈㊂ 30[mm]ߢߩᣓ࿁ࠍ઻߁ਃᰴర㘧ⴕ゠〔
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   (a) Baseline.        (b)10[mm] shortening.     (c)20[mm] shortening. 
Fig.5 Flight trajectories for three shapes of the canopy. 
 
 
Fig.6 Horizontal displacement history of turning flight trajectories for three shapes of the canopy. 
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Fig.8 Lateral control response. 
 








ᄌൻߥߒ 0.16 30 2.5010-3 
Ꮐฝ┵࡜ࠗࡦࠍ-10[mm]⍴❗ 0.24 30 3.1310-3 
Ꮐฝ┵࡜ࠗࡦࠍ-20[mm]⍴❗ 0.24 30 1.1710-3 
 
 
Fig.9 Comparison between an experimental flight trajectory and corresponding results of simulation. 
 
Table 3 Characteristic properties of the parafoil experimental vehicle used  
for simulation of steady-state gliding. 
 Property Notation
Value 
ǩ= -15 deg ǩ= 0 deg ǩ= 15 deg 
Lift coefficient  DLC  -0.110 0.330 0.690 
Pitching moment 
coefficient 
 DmC  0.034 0.014 -0.047 
Rolling stability ElC -0.035 
Yawing stability EnC  0.032 
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 17.1 78.1 2 Ყജ࿶
 %95 %47 %68 ₸ലᾲᢿ
ࡦࠔࡈᲑ㧞╙
 25.1 15.1 8.1 Ყജ࿶
 %16 %46 %08 ₸ലᾲᢿ
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ࡦᓘࠍ 200[mm]એਅ㧘㕒ᱛផജࠍ 140[kgf]㧘ⓨ᳇ᵹ㊂ࠍ 4.1[kg/s]㧘࠲࡯ࡆࡦ౉ญ᷷ᐲࠍ 1173[k]
ߣߒߚ㧚࠲࡯ࡆࡦߦ㑐ߔࠆઍ⴫⸳⸘୯ߪ࠲࡯ࡆࡦᵹ౉⛘ኻࡑ࠶ࡂᢙࠍ 0.8㧘࠲࡯ࡆࡦ౉ญ࿶ജࠍ
352[kPa]㧘࠲࡯ࡆࡦ࠴࠶ࡊ๟ㅦ 370[m/sec]એਅ㧘U/C0=0.42~0.52㧘෻േᐲߪᵹ〝ਛᔃߢ 0.5㧘Hub


































㩷  HP turbine LP turbine 
Target power [kW] 356.6 259.1 
Incidence power [kW] 239.9 60.6 
Ratio of target power to incidence [%] 67.3  23.4  
Abiabatic stage efficiency 0.62  0.18  
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࡮Sophia Precision ␠⵾ 
   J-850 Turbojet Engine 
   J-850 Turbojet Engine Test Sell 
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     
(a) ࡃࡀ೰ᕈ 1.45107(N/m)          (b) ࡃࡀ೰ᕈ 1.79107(N/m) 
      
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ߣߔࠆ㧚ゲᒻ⁁ߩᓇ㗀ࠍ⸃ᨆߔࠆߚ߼㧘ゲᓘ߇ 30[mm]߆ࠄ 42[mm]߹ߢ 2[mm]ೞߺߢᄌൻߐߖ㧘












࿁ォᢙࠃࠅ 20%⒟ᐲ㔌ࠇߡ޿ࠆゲᓘߣゲ㐳ߩ⚵ߺวࠊߖߪ㧘ゲ㐳 400[mm]ߢ⋥ᓘ 32[mm]એ਄ߢ
޽ߞߚ㧚߹ߚゲ㐳 450[mm]ߩ႐วߢߪ㧘߆ࠈ߁ߓߡゲᓘ 40[mm]એ਄ߩᤨߦ 2 ᰴߩෂ㒾࿁ォᢙ߇
20%㔌ࠇߡ޿ߚ㧚 
ߐࠄߦ߫ߨቯᢙߩᓇ㗀ࠍ⺞ߴࠆߚ߼㧘ゲᓘ 36[mm]ゲ㐳 550 [mm]ߩ႐วߢ㧘߫ ߨቯᢙࠍ 10࡮100࡮






Table.1 physical value of1st Fan and LP Turbine 
  1st Fan LP Turbine 
Material  Ti-6Al-4V INC0718 
ǹ kg/m3 4470 8230 
m kg 1.282 2.366 
Ip kg䍃mm2 1575.8 4858.5 
Id kg䍃mm2 2632.9 2907.8 
 
 
Table.2 The effects of the number of segments 
㩷  20 Division  25 Division 30 Division
1st Mode 14224.8[rpm] 14270.8[rpm] 14158.9[rpm]
2nd Mode 45288.8[rpm] 45120.5[rpm] 45083.1[rpm]















































































1) ⼱↰ᅢㅢ࡮㐳ፉ೑ᄦ㧘ࠟ ࠬ࠲࡯ࡆࡦࠛࡦࠫࡦ㧘ᦺୖᦠᐫ㧘ೋ ╙ 2೚⊒ⴕ㧘(2001)12-10㧘pp.41-63 
2) ጊ↰ᢅ↵࡮⍹↰ᐘ↵㧘࿁ォᯏ᪾ߩജቇ㧘ࠦࡠ࠽␠㧘ೋ ╙ 1 ⊒ⴕ㧘(2001), 615, pp.291-315㧚 















ᢱߣߒߡᶧ૕᳓⚛ߩ೑↪߇ᵈ⋡ߐࠇߡ޿ࠆ㧚ᶧ ૕᳓⚛ߪ⚂ 20 Kߩᭂૐ᷷Άᢱߢ޽ࠆߎߣ㧘Ყᾲ߇
ᄢ߈޿ߎߣ߆ࠄ಄ළߣߒߡߩ⢻ജߦఝࠇߡ޿ࠆ㧚ߒ߆ߒ㧘ᭂૐ᷷㧘ૐኒᐲߢ޽ࠆ߇ࠁ߃ߦ⾂⬿࡮
ㆇ៝ߥߤขᛒߦ㔍ὐ߇޽ࠆ㧚 














ON/OFF೙ᓮࠍⴕ߁㧚߹ߚ⍹ᴤࡅ࡯࠲࡯ߪ㧘CORONA⵾ GH-B170F㧔ᥦᚱ಴ജ 17.4 kW㧕ߩ⍹ᴤ
ࠬ࠻࡯ࡉߣ㌃㈩▤㧔⍹ᴤࠬ࠻࡯ࡉ๟ࠅߩ㐳ߐ 12260 mm, ౉ญ⋥✢ㇱ 300 mm, ಴ญ⋥✢ㇱ 320 mm, 
⸘ 12880 mm㧕߆ࠄ᭴ᚑߐࠇߡ޿ࠆ㧚ᰴߦ㔚᳇ࡅ࡯࠲࡯ߪశᵗࠨ࡯ࡕࠪࠬ࠹ࡓ⵾ KTF-050N1ࠍ↪

























































⴫ 3-1 ታ㛎᧦ઙ 
 ᧦ઙ ⋡⊛ 


























No.5 ࠝ࡝ࡈࠖࠬᓘ ౏⒓୯ 3.00 mm㧔ታ
᷹୯ 2.99 mm㧕㧘㔚᳇Ἱ⸳ቯ᷷ᐲ
600͠ 
ࠝ࡝ࡈࠖࠬᓘࠍ 3 mm ߣߒ㧘㔚᳇Ἱߩ⸳ቯ᷷ᐲ
600͠ߣߒ㧘ࠝ ࡝ࡈࠖࠬᓘ 2 mmߩ႐วߣߩᲧセࠍ
ⴕߥ߁㧚 
No.6 ࠝ࡝ࡈࠖࠬᓘ ౏⒓୯ 4.00 mm㧔ታ
᷹୯ 3.99 mm㧕㧘㔚᳇Ἱ⸳ቯ᷷ᐲ
600͠ 
ࠝ࡝ࡈࠖࠬᓘࠍ 4 mm ߣߒ㧘㔚᳇Ἱߩ⸳ቯ᷷ᐲ

















































dorifice = 4.00 mm (nominal dimension)
Electric furnace temp.  = 600 degC
from V1 valve opend
 
ᅗ 4-1 V1ࢆ㛤ࡁጞࡵ࡚࠿ࡽࡢ୺ຍ⇕⟶ධཱྀ࣭ฟཱྀ㸪࢜ࣜࣇ࢕ࢫฟཱྀ ᗘ 
 





















dorifice = 4.00 mm (nominal dimension)
Electric furnace temp.  = 600 degC
from V1 valve opend





















































dorifice = 4.00 mm (nominal dimension)
Electric furnace temp.  = 600 degC
from V1 valve opend
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'P1 'P2 'P3 




3.25 19.14 4.99 
⸃ᨆ୯ 㧙 (103.4) 173.44 (778)㩷 0.60 5.19 0.50 



























Mass flow rate [g/s]
Heat transfer coeff.
Heat transfer coeff. (  80 %)




































Mass flow rate [g/s]
Tow - Tiw
Tow - Tiw (150 %)
Tow - Tiw (270 %)
 




















[1] L.S.Ianovski, V.A.Sosounov, Yu.M.ShinkHman, “THE APPLICATION OF ENDOTHERMIC FUEL 
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 (a)⩄㊀㧙⩄㊀✢਄ᄌ૏ᦛ✢ (b)SP⹜㛎ᓟశቇ㗼ᓸ㏜౮⌀ 
࿑ 4 SP⹜㛎⚿ᨐ 
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50kHzߩࠨࡦࡊ࡝ࡦࠣ๟ᵄᢙߢ㧘10kHzߩ Low Pass Filterࠍㅢߒߡࡄ࠰ࠦࡦߦขࠅㄟ߹ࠇࠆ㧚 
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t = 1.102 sec
t = 1.107 sec 
t = 1.112 sec 
t = 1.117 sec
t = 1.122 sec㩷 ( ᦨᄢ⩄㊀ᤨ ) 
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Sled total Weight:500[kg] 
CAMUI hybrid rocket motors 






Sled total Weight:500[kg] 
CAMUI hybrid rocket motors 






Sled total Weight:12[kg] 





















ὐߢᦨ㜞ㅦᐲ 20.8[m/sec]㧔⚂ 75[km/h]㧕ߦ೔㆐ߒߚ㧚㧔࿑ 3㧕 ೙േജ㧔㕒⊛⩄㊀㧕ߦߟ޿ߡߪ㧘
࿑ 4 ߩࠃ߁ߥᒻ⁁ߩࡃࠤ࠶࠻ᑼ೙േⵝ⟎ࠍᗐቯߒ㧘ߎࠇߦᵹㅦ 9.2[m/s]ߩ᳓ᵹࠍ޽ߡ㧘ߘߩߣ߈
ߩ೙േജࠍᱡߺࠥ࡯ࠫᑼࡠ࡯࠼࠮࡞ߢ⸘᷹ߒߚ㧚೙േജߪᦨᄢߢ 20.5[N]ࠍ␜ߒ㧘ታ᷹୯ߣℂ⺰୯





























⢻ߪ⿛ⴕ〒㔌 24[m]ߩ࿾ὐߢᦨ㜞ㅦᐲ 20.8[m/sec]㧔⚂ 75[km/h]㧕ࠍ㆐ᚑߒߚ㧚೙േജߦߟ޿ߡߪ㧘







䂾㩷 㩷 㩷 ᧲㊁㩷 ๺ᐘ䋨⥶ⓨቝቮᯏ䉲䉴䊁䊛⎇ⓥ䉶䊮䉺䊷㩷 ᢎ⢒⎇ⓥ╬ᡰេᯏ᭴㩷 ᢎ᝼䋩㩷
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࿑㧝㧦⊕⠧ࠛࡦࠫࡦታ㛎႐ߩ᭎ⷰ      ࿑㧞㧦⊕⠧ࠛࡦࠫࡦታ㛎႐ߩᚲ࿷࿾ 
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ߢታᣉߔࠆᔅⷐ߇޽ࠆ߇ޔో஻㊀㊂ࠍ 155 kgޔ㔌⌕㒽ࡑ࠶ࡂᢙࠍ 0.3㧔㘧ⴕㅦᐲ 102 m/sec㧕ߣߔ
ࠆ႐วߪㄫⷺ 5q⒟ᐲ㧔᳓ᐔየ⠢⥽ⷺ-3q⒟ᐲ㧕ߢ឴ജ߇㊀㊂ࠍ਄࿁ߞߡ㔌⌕㒽น⢻ߢ޽ࠆޕㄫ






Fig. 1. Overview of the baseline configuration M2006. 
 
 


















      
Fig. 3. Pitching moment coefficient at Mach 0.3.   Fig. 4. Pitching moment coefficient at Mach 0.7. 
 
 
(7) ࠞ࠹ࠧ࡝   ⓨജ 
 
(8) Keyword   Supersonic, Flight Test Bed, Flight Verification, Aerodynamics,  
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delta = -10[deg.] 
delta =   -5[deg.] 
delta =    0 [deg.] 
delta =    5 [deg.] 
delta =   10[deg.] 
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*SMC: Cu 99.13%,Zr 0.8%,Cr 0.07% 

















ࡑࠢࡠ࡮ࡒࠢࡠⷰኤ ታ㛎೨ᓟߩ⹜㛎 ⴫㕙ߩᄌൻࠍⷰኤ  
㔚ሶᄤ⒊ ታ㛎೨ᓟߢ⹜㛎 ߩ㊀㊂ᄌൻࠍ⺞ᩏ㧔0.1mg߹ߢ଻⸽㧕 
EPMAಽᨆ ⹜㛎 ⴫㕙ߩ⚵ᚑࠍ․ቯ  
XRDಽᨆ ⹜㛎 ౝㇱߩ⚿᥏᭴ㅧࠍ․ቯ㧔⴫㕙ࠃࠅᷓߐ⚂ 100Ǵm㧕 





























 ࡊࡠࡄࡦᾲಽ⸃෻ᔕߪ߹ߕ(1-1)ᑼ㧘(1-2)ᑼߢ␜ߔ 2ߟߩ⚛෻ᔕߦࠃࠅᆎ߹ࠆ㧚 
 
 C3H8ψC3H7㨯+H㨯 (1-1) 







 C2H5㨯+H㨯ψC2H6㧔ࠛ࠲ࡦߩ↢ᚑ㧕 (1-3) 
 C2H5㨯+H㨯ψC2H4+H㧔ࠛ࠴࡟ࡦߩ↢ᚑ㧕 (1-4) 












































































































































































࿑ 2 ᣹᷷ታ㛎⚿ᨐ㧔ࡊࡠࡄࡦỚᐲ 1%㧘OMCߩߺ 5%㧕 
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   
 (a)ታ㛎೨ (b)᣹᷷ታ㛎ᓟ (c)1000K╬᷷ታ㛎ᓟ 
࿑ 3ታ㛎೨ᓟߩ Inco600⹜㛎 ߩ᭽ሶ㧔ࡊࡠࡄࡦỚᐲ 1%㧕 
 
  
 (a)᣹᷷ታ㛎ᓟ (b)1000K╬᷷ታ㛎ᓟ 

























































































࿑ 1 ታ㛎ⵝ⟎᭎ⷐ 
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 ࡔ࠲ࡦᾲಽ⸃ታ㛎⚿ᨐ଀ߣߒߡ㧘᣹᷷ታ㛎⚿ᨐࠍ࿑ 2ߦ㧘800͠╬᷷ታ㛎⚿ᨐࠍ࿑ 3ߦ㧘ታ㛎
೨ᓟߩ⹜㛎 ߩ᭽ሶࠍ࿑ 4 ߦ␜ߔ㧚࿑ 2㧘࿑ 3 ߩ❑ゲߦ૶↪ߒߡ޿ࠆࡔ࠲ࡦォൻ₸ߪࡔ࠲ࡦߣࡔ
࠲ࡦᾲಽ⸃෻ᔕߦࠃࠅ⊒↢ߒߚ᳓⚛ߩ૕Ⓧഀวࠍ⴫ߒ㧘ࡔ࠲ࡦォൻ₸ 0%ߩᤨ㧘᳓⚛ߪ⊒↢ߒߡ































































 ࿑ 2 800͠╬᷷ታ㛎⚿ᨐ ࿑ 3 ᣹᷷ታ㛎⚿ᨐ 
  
 (a) ታ㛎೨ (B) ᣹᷷ታ㛎ᓟ 
࿑ 4 ታ㛎೨ᓟߩ⹜ᢱߩ᭽ሶ 
  
 (a) ታ㛎೨ (b) ᣹᷷ታ㛎ᓟ 
























ᮾ㔝 ࿴ᖾ䠄⯟✵Ᏹᐂᶵ䝅䝇䝔䝮◊✲䝉䞁䝍䞊 ᩍᤵ䠈ᩍ⫱◊✲➼ᨭ᥼ᶵᵓ ᩍᤵ䠅  





























































*SMC: Cu 99.13%,Zr 0.8%,Cr 0.07% 















ࡑࠢࡠ࡮ࡒࠢࡠⷰኤ ታ㛎೨ᓟߩ⹜㛎 ⴫㕙ߩᄌൻࠍⷰኤ  
㔚ሶᄤ⒊ ታ㛎೨ᓟߢ⹜㛎 ߩ㊀㊂ᄌൻࠍ⺞ᩏ㧔0.1mg߹ߢ଻⸽㧕
EPMAಽᨆ ⹜㛎 ⴫㕙ߩ⚵ᚑࠍ․ቯ  
XRDಽᨆ ⹜㛎 ౝㇱߩ⚿᥏᭴ㅧࠍ․ቯ㧔⴫㕙ࠃࠅᷓߐ⚂ 100Ǵm㧕








































































































 (c)SUS316 (d)OFHC 
࿑ 2 ᣹᷷ታ㛎⚿ᨐ㧔⎫ൻ᳓⚛Ớᐲ 10.7ppm㧕 
 
  

























 H2SψHS㨯+H㨯  

























㻌 ᮾ㔝㻌 ࿴ᖾ 㻌 䠄⯟✵Ᏹᐂᶵ䝅䝇䝔䝮◊✲䝉䞁䝍䞊㻌 ᩍ⫱◊✲➼ᨭ᥼ᶵᵓ㻌ᩍᤵ䠅㻌
㻌 㥖ᓮ㻌 ៅ୍ 㻌 䠄ᮦᩱ≀ᛶᕤᏛ⛉㻌෸ᩍᤵ䠅㻌
㻌 䕿㻌 㻌 㻌➲ᒣ㻌 ᐜ㈨ 㻌 䠄ᶵᲔ䝅䝇䝔䝮ᕤᏛᑓᨷ㻌⯟✵Ᏹᐂᶵ䝅䝇䝔䝮◊✲ᐊ䠅㻌
㻌 ຍ⸨㻌ኴ୍㑻㻌 䠄ᮦᩱ≀ᛶᕤᏛᑓᨷ䠅㻌
㻌 ᑎ⏣㻌 ᛅᖹ 㻌 䠄ᮦᩱ≀ᛶᕤᏛ⛉䠅㻌
㻌 ᮌඖ㻌 ೺୍ 㻌 䠄㻔ᰴ㻕㻵㻴㻵㻌 Ᏹᐂ㛤Ⓨ஦ᴗ᥎㐍㒊䠅㻌










































 (a)ᡷༀ೨᧚ (b)ᡷༀᓟ㧔TP12㧔0q㧕㧕 
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